
' ,Uitgegeven den 
ihJAN 

PATE|NT SPBdFICATrON 

App!!ai^.'!^:^Mxr/-7',-!94U - =^ . 

Complete SpetJfication Uft: AAay 7, 1942. 
Complete SpedficijtlQn Accept^: Dec 3, 1947. 


595i346 

NQ.S952j4l. 


PROYIS^O^^JLL SPECrPICATIOlT 

Improvements relating to. Bearings of Internal Combustion Gas 
Txirbines, Turbine Type Gas Compressors, and Klro-High 

Speed Machinery 


6 


We^ H.1TSB CoKSTAOT, of B^yal Air* 
craft Establialunent, South B'amoorough, 
in the County of Hants, Datii> tMAcLEZSS 
Sinxir, of 37, Church Street, Stretford; 
Alanchesfer, in ihe County of I^ncaster, 
Ij'rakcis Ed&ah BAniAKir, of Lacey 
•Oaks", Styal Head, Wilmsioxr, in the 
County of Chester, all Subjects of the 
King of Grreat Britain, and Mbtbopozjtast- 
10 VicKJsns ELEcxBxaAX. Cam\^:srs T/rvrm gri^ of 
^Tunxber One, Kingsxray, London, W.C,2, 
a British Company, do hereby declare 
the nature of this invention to be as 
foUows: — 

15 This invention relates to internal com- 
bustion gas' turbines, turbine type gas 
compressors and * like high speed 
machinery irherein the bearings are 
required to be cooled arti£cially, as is 

20 notably the case in plant -which is required 
to have a high pover/ weight rano or 
occupy a small voltunetric space and/or 
is required to' ofEer a minimum of head 
resistonce, these requirements arising', 

26 for example^ where the plant is used for 
the propulsion of aircraft* It is advan- 
tageous in such: plant to employ ball 
bearings. The general arrangement be- 
comes . so compact and interiorly * con-' 

30 /rested that difficulties arise in maintain- 
ing these bearings cool. Por example, 
in such plant the inner ball race which 
is frequently carried on the rotating part, 
may be separated by oaJv a short length 

36 or path of metal mem1>er from parts 
TThich run at relatively high tempera- 
ture such as the rotor drum or igrhnder 
of a gas^ ttirbine or its compressor, whilst 
the stationary ball race may be sunilaily 

40 carried with the interposition of a rela- 
tively short length or path of metal 
member, from a part of the structure run- 
u^Ti;r at relatively high temperature, such 
as the internal combustion chamber or 
45 the stationary member of a gas turbine or 
air compressor supplying the combustion 

According to the ])resent invention the 
bearing is enclosed in a substautially 
60 fiuid-tight hoiising provided \ritli inlet 


and outlet pipes by which a cooling fluid, 
pref eirabl^ air at moderate pressure along 
yrith lubricating oil in the form of mist, 
is passed to, through and from said 
•bsusiggr^TKis "cool air is convenient^ 
taken from an intermediate staff e of the 
turbine type compressor of me plant, 
being x>assed therefrom '(hro:agh a cooler 
ii necessary. 

According to .an important subsidiary 
feature of the invention the aforesaid 
bearing housing is surrounded at least in 
part by a liquid-tiffht chamber provided 
\rith inlet and outlet pipes by which a 
cooling liqfuid such as water or oil can be 
. circulated throTOh ^e chamber. Said 
chamber may be provided by one or 
more resilient substanldaliy ^^lindxicai 
members. 

Where necessary in the plant, labyrinth 
glau da or packings of per so weil known 
Fsrpo may be x^rovided for the sealing of 
the relatively rotatable parts of the bear- 
ing housins^ and dlso for the, prevention 
of access of hot air or gases to the bear- 
ing housing from parts of the plant 
adjacent said housing. Such Xab^rnnth 
gland may be arranged xrith an inter- 
mediate point or chamber with an 
exhaust to atmosphere to ensure the 
desired distribution of cooling air 
flow aad hot gas flow, that is, 
to permit entrance of tiie cooling 
air iSo the bearing housing and prevent 
the entrance of hot air or gases thereto. 
Alternatively air may be introduced at 
this intermediate point, or additionally 
at some other inteimediato pointy at* such 
a pressure that there will be a slight flow 
or air in both directions ther&froin. 

The inner and /or outer ball races of 
the bearing may be carried on auxiliary 
resilient cylinders which may be spaced 
from the shaft or equivalent member and 
from the bearing housing so as to pro- 
vide spaces and cooling fluid may be 
passed through these spaces which thus 
become . jacket space, and this may be 
formed such as by grooving one of the 
walls thereof so as to cause the cooling 100 
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flmd to take a kelieal or toriuo\is 
Tvitlim the jacket space. 

The pipes for tLc cooling fluids may be 
arranged in accordance with co-pendinff 
6 Applications Nos. 6951 of 1941 (which is 
l^ette^ Patent No. 682.082) and 6953 of 
1941 (Serial 2fo. 595,347). 


path Dated, the 6tiL day of May, 1941. 

CSiartered Patent Agent, 
Ifumber One, Kingsway, liondon, W.CJd, 
Ag^nt for tilie Applicants. 


(X)irPLETB SPECJEBIOATION 
ImpnrovCTients relating to Bearings of Internal Combustion Gas 
Turbines, Turbine Type Gas Compressors, and like High 

Speed Macbinery 

^rJ^4^h^\^^ ^'f^'^N^ BoyalAir- UtantiaUy proof agaiisl entry of ffas 
10 ^hJ^^^^^^^' Farnboipngh, citW side at'wlucli th?Ws p^ 

S^tStt ''^'''"tf 'c?^"^ ^ may exceed that T^thin the honET 

M^'jf ^"^^ S^eet, Stretford, which is pwmded with means such |j 
Manchester, in the Conn^^ of Lancaster, -^'-^ — ' • " • 

Fkaitck Edgar Bxxxuas^, of " I^cey 
Oaks Styal Hoad, Wilmalow, in the 
.15 County of Chester, all Snbjecis of the 
j ^g of Great Britain, and iMETROPoiXTAir- 
VXCKIERS Er-^ECTRICAI, CoyiTASTZ JjnnxzD, of 
Xfrnnber One, Hingsway, London, W.&2, 
a Bntish Company, do bereby declare 


60 


on 7ulT^ ao iiereby declare .firom through a cooler if iecessaiy. 

^L^^^ invention and in wbat V According to an important sn&idiary 
manner the same 3s ta h** -n^rf nrmi^^ fAofnt^ «^ ^ j-t." if^rr^HL 


manner the same is to be performed, to 
be particnlarly described and ascertamed 
m and by tbe^ following" statement: — : 
This invention relates to internal coni- 
25 onstion tnrbines, torbine typo gas com- 
pressors and like liigb speed machinery 
wberein the bearings are required to -be 
cooled artificially, as is notably tbe case 
m plant which is required to bave a higb 
30 powr/weight ratio or occupy a small 
Tohimetric spac^ and/or is required to 
o£er a minimnm of bead resistance, these 
reqmxements arising, for example, where 
the plant is used for the propulsion of air- 
35 craft. It is advantafireons in such plant 
*o employ ball and/or roller bearings. 
The ^neral arrangement becomes so 
compact and ^interiorly congested tbat 
cuificulties arise in maintaining these 
40 bearing cool. Por example, in such 
plant the inner ball race, wbicb is fre- 
quently carrietl on the rotating part, may 
be separated hy only a short length or 
path of metal member from parts which 
45 run at relatively high temperature, such 
as the rotor drum or cylinder of a gas 
turbine or its compressor, whilst the sta- 
txoMiy ball race may be similarly carried 
^th the interposition of a" relatively 
50 short length or path of metal member, 
from^ a part of the structure running at 
relatively liigb temi>erature, such as the 
internal combustion chamber or the sta- 
tionary member of a gas turbine or air 
55 compressor supplying the combustion 
chamber. 

-According to the present invention the 
ball or roller bearing is enclosed in a 
housing which is constructed to bo sub- 


inlet and outlet pipes whereby a cooling, 
and/or lubricatiug fluid such as air or 65 
gas laden witii oil mist can be caused to . 
flow through the housing. lEhe cool air 
IS conveniently taken from an inter- 
mediate sta^e of the turbine type com- s' 
pressor of the plant, bmig passed there- 70 
.from through a cooler if necessary. • 


feature of the inven&m the aforesaiH 
bearing housing is surrounded, at least 
^.^rt, by a liquid-tight chamber pro- 
Tided with inlet and outlet pipes by 


75 


which a cooling liquid sxioh as water or 
oil can be circula'^-'' 
chamber, 


ated through the 


• Where necessary in the plant, laby- 
rmtii glands or packings of per well 
known type may be i>rovided for the seal- 
ing of the relatively rotatable parts of 
the bearing housing and also for the pre- 
vention of access of hot air or gases to 
the bearing housing from x>arts of the 
plant adjacent said housingr Such laby- 
rinth ghmd mB.y be arranged with an 
intermediate point or chaxSber with an 
exhaust •:passage to atmosphere or to a 
region in which the pressure is suitably 
lower than in the chamber to ensure the 
desired distribution of cooling air flow 
and hot gas flow, that is, to permit 
entrance of the cooling air to the bear- 
ing housing and prevent the entrance of 
hot air- or gsCses thereto. Alternatively 
air may be introduced at this inter- 
mediate point, or additionally at some 
other intermediate point, at such a pres- 100 
sure that there wiU be a slight flow of 
^^rin both directions therefrom. . 

The pipes for tiie cooling fluids ihav be 
arranged in accordance with copending 
Apphcations for Letters Patent Xos. 5051 105 

(I/etters Patent JTo. 5S3.0S2) and 
0953 of 194i (Serial So. 595,347). 

The single flgiu-e of the accompanying 
drawing is a somewhat diagrammatic* sec- • 
tional elevation showing a bearing for 110 
the shaft of a rotor drum or cylinder of. 
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for 0zam^la, a tarbine the blading of 
Trhioli 15 iu au aimnlar passage supplied 
from a oombustion cliamber Triiicli may 
also be ot annular form surrounding tke 
5 sliaffc and carryhi^ \nihin it the £xed 
member of the shaft bearing which is 
Xirovided \rith a housing and chamber in 
accordance witii the invention. 
A small part of the drum of the turbine 
10 is indicated at 1, and at 2 is shown a part 
of the first row or stage of bla&ag 
carried by the drum 1. At* 3 is shown a 
. part of a blade in the succeeding row of 
fixed blading carried by a* stator casing 
16 (not shown). The direction of gas flow 
IS indicated by the arrow 4. At 5 is indi- 
cated a part of the inner wall of ffie dis- 
charge jiassage from the annular internal 
•<^Eribustion chamber (not shown), and at 
20 G is shown part of fixed guide blading or 
a radially supporting web uniting the 
left-hand end of the passage walTs with 
the exterior casiiig or the machine. The 
rotor cylinder 1 is welded «3 indicated at 
35 7 to a " swan-neeb *' member or disc 8 
which is shown integral with^the hollow 
shaft 9 whereon, is carried, by means not 
per Siff shown, the inner race 10 of the 
ball beanng. The outer race 11 of this 
oO bearing is carried by a sleeve member 12 
having at the rightJ^nd end an external 
• flange 13. The sleeve member 12 is 
reduced in diameter a^t 14 and is integral 
with or connected to a sleeve portion 15 
which surrounds the left-^and end of. the 
shaft 9 with relatively small olearance, 
whOst three sets 16, 17 and IS of per se 
well known labyrinth packing are 
provided. 

40 The flange 13 of tiie sleeve member 12 
is welded as indicated at 19 to the right- 
hand end of an outer sleeve 20, the left- 
hand' end of which has an internal flange 
welded, as indicated at 21, to ihe left- 


45 liand end 15 of the bearing sleeve 12, 
The left-hand end of the sleeve 20 is 
secxured by bolting, as indicated at 22, to 
an mtemal flange on the left-hand end of 
a * swan-neck " member 23. The mem- 
50 ber 23 provides flexibility. - The enter- 
most portion of the member 23 is secured 
by bolting its flange 24 to an internal 
flange provided on the wall member 6, as 
irtr ^* 26. The outer race of the 

65 ball beanng is thus supported from the 
^ wall member 6- 
1 ^ annular cover member 26 is secured 
' to the nght-hand end of the sleeve mem- 
ber 12 which, along with its portion 14 
60 and wjth the member 26 provides the 
housing for the bearing, in accordance 
with^the invention. The member 26 is 
provided with a flan«re 27 having a small 
clearance with a lid 2S on the shaft 9. 
65 Ihc gap bet\rean the parts 27 and 28 


• may be rendered more fluid-tight by the 
provision of labyrinth packing if desired. 
Y At 29 is shown a pipe arranged above 
the shaft iu the diagram and passing 
througb the flange 13 of Olb sleeve 12 to 70 
an oiiflce 30 in the latter to convey air 
and oil mist into &e sJoresaid bearing 
housing. Beneath the shaft 9 the mem- 
ber 26 is provided with an orifice 31, with 
which is united a drain jape 32 for the air 75 
and oii ^from ^the bearing housing and 
leading if desired to a place at atmo- 
spheric pressure. 

The flanged pleeve member 20 pro- 
vides between itself and the sleeve 12, 13, 80 
14, 16 the space 33 to which cooimg 
water or oil ma^ be conv^ed and carriecl 
off by respectnre x>ipes indicated at 34 
and 35, 'the left-hand ends of wKch pipes* 
are secured to orifices in the flange 13 86 
of the sleeve 12, one of these orifices not 
being visible in the drawing but being- 
circumferentially spaced from other 
orifices in the flange IS, as will lierein- 
after become apparent. 90 

Oiie purpose of the set of labyrinth 
packing 16, 17, 18 is to prevent any hot 
gas from finding its way through the 
annular gap 36 (and through labyrinth 
;}ackin^ 37 if any) to the bearing hous- 95 
ing. - At 38 is shown a portion of a pme 
'wrhich connects irith a perforation in ihe 
left-hand end 15 of the sleeve 12 to con- 
nect with a space 39 between the sets 16 
and 17 of packing. The pipe 38 passes iOO 
through a perforation in the flange 13 of 
the sleeve 12 and is thereafter connected 
in a manner not shown to a source of 
* cooling^ air, the air flowing axially in 
both directions tbrough sets of packing 105 
16 and 17. At 40 is shown a. pipe lead- 
ing from the space 41 between tue sets of • 
packing 17 and 18 to a region in which 
the pressure is h>wer than in the enclosure 
8, 12, ' 26t for instance to atmosphere. 110 
The fiipe 40 also passes through a hole ia 
the fiange * 13. Air or gas flowing 
axially through the pacldng 17 and 18 
can thus jkiss to atmosphere. 

"Whilst in ttio drawing the particulnr 115 
location of the bearing within tlie wall 
member 5 and the particular coaxial 
member 23 necessitates the various fluid 
pipes leaving the bearing housing and 
cooling chamber 33 in the longitudinal 120 
direction, it will be appreciated that in 
other situations pipes may lead away 
from isaid bousing and chamber radially, 
such as in the manner described in the 
Specification of I^etters Patent No. 125 
582,082 aforesaid, and, fnrthermore, such, 
radial pipes may be carried between tiie* 
tubular portions of the multi.]>ipe gas 
connector described in the fipeciiu^ation 
of Application for Letters Patent No. 180 
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i>953 (Serial No. 596^7) of even, date 
iierewiilu . 

HsTtn^ noxr particQ Early described and 
ascertained the nature of our said iuren* 
5 tion and in what manner the same is to 
be ^rf onned, we declare that what 
claim is: — 

I. In an internal combustion turbine' 
or compressor or like M^h speed machine 

10 or part thereof, a housing^ for a holl or 
roller* bearings constructed to be substan- 
tially proof against entry of gas from 
ether side at which the gas pressttre may 
exceed that within &e housings end 

15 liaving- means whereby cooling and lubri- 
cation can be effected hy the passage 
eith^ side at which the gas pressure may 
mist, 

2.1a an, interna L* combustioxi ■ gas 
20 turbine or compressor or like high speed 
machine or part thereof, a bearing hous* 
' ing as claimed in daim 1 and suxroimded 
at least in j>art by a liquid-light chamber 
provided with imet and outlet, pipes by 
2S which a cooling liquid can be (mrculated 
through said dbiamber. 

3. In an internal combustion gas 
. turbtae or comx>re5Sor or like high speed 
machine or part thereof, a bearing hous- 
30 Ing as claimed in claim 1 or cuaim 2, 
Jiaving associated with parts of it laby- 
rinfh packing arranged for the proven- 
tion-of access of hot air or gases to the 
' bearing housing through relatively rotat- 
85 portions thereof. 


4. In an internal combustion gas 
turbiiie or. compressor or like high speed 
machine or part thereof, a bearing hous« 
ing Dd claimed in claim 3, wherein the 
labyrinth packing is arranged witii an 40 
intermediate point or chaxaber, c^nuiected 
by a passage leadmg outside the bearing 
housing and either exhausting to a region 
in which the pressure is less than -Qiat in 
the bearing^ or adapted to receive cool- 45 
ing air or gas at a pressure exceeding 
that in. the adjacent region outside the 
housing. 

5r In an internal combustion gias 
turbine or compressor or like high speed £0 
machine or part thereof^ a bearing hous- 
ing as claimed in claim 4, wherein the 
labyrinth packing is axranged with two 
intermediate pointy or chambers, each 
connected by a ^passage leading outside 55 
the bearing housing, one passage exhaust- 
ing to atmosphere and the other adapted 
to receive cooling air or gas. 
' 6. In an internal combustion gas 
turbine or compressor or like high speed 60 
machine or part thereof, a bearing hons- ^. 
ing as claimed in the preceding claims 
ai3^ substantially as ulustrated in the 
accompanying drawing and substantially 
as described with reference thereto* 65 

Dated the 6th day of May, 1943/ 
A. S. CADHEMAXLIiE, 
CSiartered Patent Agent, 
ITumber One, Kingsway, Lomlon, 
Agent for the Applicants. 
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